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In the past ,reat success was attained in solution of
statistical physics problems using the metnod of surr.ation of
most important graphs.

In jresent article we will show, that in the theory
of superconductivity it is pos3ible to obtain by this
method the same resultg,tnat were found in jrevious works
(1, 2) with the aid of canonic transforcation and principle
of compensation of grabhs with a "dangerous" energy denomi-
nator.

As was shown by V. V. Tolmachev and S. V. Tiarlikov,

to consider the Ekardeen's Hamiltorian instead

it is possitle/ of ¥Fr&hlich's Hamiltonian, for they toth
are actually completely equivalent in accountiug t he
influence of electron-phonor interaction oun the electron
dynamics uear thne Yermi surtace. .n tL;s ca3de it is much
simpler to use Bardeen's Hamiltonian.

Therefore, for the sake Ot jllustration aund estublishment
of conrection witn the ideas presented in the work ot Bardeen,
Cooper and Schrietfer (3), we shall jroceed from

Bardeen's Hamiltonian:

H 8 3 2— E(K) a-::. q‘(‘ -

NS

ST a0 D6k K Bk
V ("':K‘vy"r K‘) )
E() — w< E()C TKe)+ W
Ok) - I, () ) (
° lER) —E&)] > W

where

4 (x)=
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and where E(K) is 8 rw..:’.r yunetolta. f.rnction

reyreserntily Che erner, o o electron with
irrulcoe 7,
¥ « Y are the ‘nrceen's jarasmetlers.
. o\
lu Fr¥8hlicn's mocel we should iet 7 7.

1 Lad

Y - w2

v, c

We will account the quantity N of wktole numbter of electrons
with the aid of chemical potential ak.. tor this we aadu ﬂ}~~
to Ha

Hence we get Hamiltomian

H = He < Hint |
- +
"o = T, {E0) N 65O 1)
Hok = |
e L5 al g ok G g Q- O Bk 6 ) Bkt KahoN)
Y, RS0 T% T 0 SRR
for which we shall conusider the guestion about the sumnmation
of the most imjortant graprns. 1lm 8o tar as the interactioa
is gffective only in a small region ot Iérmi curtsce ana only
between the jarticles (electrons or holes) witL oppositely
oriented syins, we see that the grajhs ot tne tyre illustrated
in Pig. 1 will play an especially importunt role. These
graphs were constructed from "indivisible conjlex"

" (see Fig. 2)

Fig. 1 Fig. 2
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consisting of a jair of particles with imjulse +K and spins :%.
For their summation we will use the metﬁod of apjproxinate
secondary qﬁantization i.e. we will construct a simplified
Hamiltonian which will have gra;hs only of thet class which
we wish to sum up, but with the same contribution as in resl
Hamil tonian.

" In so far as in the presently examined grarhs the
groups of the particle pair (#K, +¥) do not break, it is
natural to compare them with the quarntum amplitudes bk' b;

with commutation relations:

[ , be]-0, Lo, b] =2, [B beo; e 2y

Further, because several pairs with the same value of

irdo not exist, we must let

b :0 (3)

We should also note, that the group's self energy will de
24F) -2} b by |

and that the matrix element of Hamiltomian (1) for

o

transition will be propertional - <

Froxm these considerations we get the simplified
Hamiltonian in form

e tor tha
H, = %}2{5«)—»\}1{ by, .
He= -3 L{Lk 6(x) 6(X)

V ke

(4)
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containing the cperat rs b, Lo, Coioont ot Lo omel ot L)y, (%),
Let us call these ojeratcry tre foul =n;era 14, Let us take
an expression of any .rcer

Hine (Ho- E).‘ Hut M- E)'( Howt
now, it is easy to verify airectly that, the sum >f contributious
from the graphs of the tyre beily examined fcr tae mawiltonian
(I) will be equal to the sum of contributions ot all the graphs
for the simplified Hamiltonian (4). tHence the problem d
summat ion of the special class of graphs for famzlfonian (1)
vturns out tu be eguivalent to the prublem of dyrnamic systew
model, characterized by Hamiltonian (4).

We start the construction ot asymptotically exact solution
of this latter problem, neglecting only those vaiues that
disaprear in the process of the limitiug trancition V — oo
We shall distinguish the electran jairs fron houle airs.
Therefore, we introduce new rauli-ojperaturs by letting

. Be abx ,  EE)>X

A < b, ,  E(R) <N

We get

U+ 2% [EQ) =N Ax e —

- L3 aror) g aWALBEIAT HIA 3(5 \

where
9! (K) 4 ec‘(K

=]
<N
9;@) {‘l €(K)

o H)YM

U = 2%{e0 o ot)
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H'+ 0+ U
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W= 27 1N A,
2, ) b1 58) {96"1(;}/"3 O, A 9(1(’4)/61/, —

K

1

Vv

- T 7 e85 e oy
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v

>

Kk

+ -
O O 9. % '\"_; SN

™3

H'= -

But obviously

{

oL the _4lLe: [anc
* ,+
11, ' I

Y SR

= 2 — , - v;//
d S Sl ey
A

{
|
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Eut in the ; rce . ol s . C ’

P

be proporticnal . v,
remains finite STt ot

. . v s é . cm s B
Froper tunctior ot o yoiv o N DTt Al N ve
\/ = * . -
N s (P NCS = 2.
By equatiung this exjressiin * “ue & e onb.s wf ele~trons

in the Fermi shell

52

we see, that ¥(e,¢ e
Now, let us analyze the question of staubility f condltacorn O
Let us examiue first *the -ase whern
~
T< 0
To the double sum of 1. ) ae w1, Lie genless ¢ o wtouch - n

Loing this we do Lot intr.c.ce Al pdant otoe s st wauld

cautribute in trans. 1cn ¢ *te L.igot ¢ — Do de pnLovte tlen
ve P » . W F YIRS A‘

that H-U i3 egsent:u iv einl o tnme ot ve tar e va lye
N L. S SRS S L 4 iue
of U,consequerntly, wil: be LILIDUm 41 e et e e O a1l

stable. 4 different situsticn vi.. bLe i1 Sl D oase
7> 0
Note, that in tris case ir stute ° 4. . S22 o at o nuabers
YO.- M a ‘d_l y )
S re equ to vero; an: -noculonlat.on Lt €lemeniary

excitaticu erer, ; we o un T 4IND TIE L adlle, et »ri/? }3’ as
2 - - - r

Bose-operatcrs AU URLy reLalls et L Ll il e e
qua:lrativ(-o tore fron o Gt T - :
f w Orerat rsg /8/ - e e e "‘6‘11‘5 oy (')’\ ‘

. . N . , :
This diagoralization can be acne. £ exunple with the aid
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ol -
I‘\ Al
L we jev t e ! F
< L f. k4
,/ by _:{_ /‘ q(jk'\ {_’:oi‘ F ;‘1
\/ [% Lf ¥y Lo -
gk - :1 ’ ('_:0( - 4 J
from wn-re we fion: - V.t
| - M Z’ A
- - v P
V v ' (\ - -
/F;(‘(r’<gl ), ¥
or
w)
/- _{p oK’ K _).7;_/*'
s 5 5
L [ SR A .
where
3 fpde
P o Trl’
AV Ty
BB is eviuent, Tnis egual Ll iLob.g oo e
examination ) alwa o nan orooont oy oot L o
congeguertly, A< - €U [ aTo.L. LT ar L e
eLeryy -

F~ (Iw¥f
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Herce, the o o
stable ccora. Lo

. v q - .
amp litudes e, P

- e
tut with e 114
é

o UG )+ b=
’I‘(V(/hb _{ VVP L‘; fuk v e

Nhere Uk’ Vk - are resal m.aubers, t.oura Ly & ¢t

? ., 2
(JK + V.( = /
1t is easy to obrerve, =rat smp .t aces oF 10 ey

all camrutation relations " f a0y -¢)erat oo

keducing the trarsformatio. (12, | se *.rc

-

bi + Uy Vy ﬂ*;\/}'*/jk) + s V:"“.
Woe U (g kA U
b = OrUNYA A+ U 4/”

N
/

oubstituting these ex; ressions .nto humilr Lol S ,we find
(140

U*g {2 (0= U Vi =
J VT QR U b
~dom W vk/é U b LA
v v
+§ 2 El) pL A, —

i . LT
-45 H /a,(1 T AATE
- | |

Ty T o o L o at e e )
‘7\1(7[5“1 Jvl f)fl - )KQ “1/ ‘,I‘"V; f\( C v )
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where U ‘:Zj t, "'V - —z- 6'4‘\ ')jk,v'(l \‘(xv&]
¥

v hYs (14)

, , A ‘ 24 —
E—”(’, . /P["/}‘I;/"f‘ 6/’()'\}’ '/y "‘\7'{” gtr/ll /i

(1)
; *
In the exjression (175 .+ i o oefticients f /gz /A
equul %> rer. Ne pet treln the e .atl:cn
NI TR, 1—x/ oV
found in wurk by (&) witn t.e 1:d of durnver.us graph
campensation jrinciple actlicin, tnat wit: required here
exactues l =E(K;)we P €0 saly s<oin (o)
L) — B/K
s - e E0 = E)
20 ek tu Py e o
Vi) = 35 §|+ ghey =L -
jv £ “—f("F)”* By
-
C = awe
(17)

Ek)= J{EM - Efﬁr)j‘ + Qk, 2

Hamiltonian (17 ) now -un te jreserted irn form of:

b o= H+H'+H" + U
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- .0-
where .
ST AL
K= '%x),;x, LOLAE 'Vlf/gr.vi{tdz@x{'vn/sl?.

(18)
"= 237, 00000 U = T 2 oo, T
+21 2 9&1)9(":)7Un/‘\.‘\4 /o™ 2 Vi Ve k,ﬁ,&ﬂ( Ve Pl
V #5)

Let us take the wave functior C, for which all occujation
numbers \) +
e = B B

are equal to zero. Ye will show, as ;reviously, that with
{curacy up to the values disaj;peuaring in ‘tne irucess ot limiting
transition v —>oo |, C is & projer tunct.orn <f liamiltonian
H, giving it a value of U. We have, reaslly,

(e +H"IC = |

1,30

and y Syl g VUV <and

) a® - 3 1 4 My Vs o

") V- o0
Now let us examine eiementary excititions. Beciuse 1n Stute C
all occupation nemters Vg are eyual tuv zero, iL culculation ot
elementary excitation energy #e cun repard tne . auli-o;eraturs
+

Pr , Pu as Poce-0perutors anc 1u ham.itok: an exjression

. . . I
(l&) we can restrict ourselves to juadratic tornm ﬁo -
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3 TR o . 3 . o, . .
Diagopulizing .t Yy ‘.. evilusly o4

We are yJettrn t Sve - oces e L e oh

(€- 220K P = ) U V {u q——// (V')’
— oW LT U AW e T o)
—E+ ) Rem 600 K T F W H e
- 60) Vi F I (U g Vw Xy}

with norrali-ing conditiorn
S{19 - 1> ) =
k

from here we get secular ejua‘ iun

f 29(”)[2&(!)4'5 ¥ 25,\\1;1-5 ]}f
K{H ‘\er’(”&&k}w )Lm-\)} b

(20)

- {l ZQQ&) u" K [J&(WE ?—Ei&rl:f‘ ,

It is wnot c¢ifticult to notice, t.at wnen

JEIL 2n. Ee (k) = 2Ea(kr)

this equation has no svlutions, for tue suttrahend in

(21) is smaller than minuend. In Cise

[E] > 2¢, (’(F)
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there is a continuous sjectrun

E = sze(t) '*0[7,)
0(.\!.) - O when Vv —» O

ws can be seer from (19) - sign does not agree with tre normal-
izing cancition (20).

Hence, all L's are jositive (this could bte foreseern by
coticiry directly tnat the quadratic ferm under exear.iration

is cefinetely ;ositlve) ana are se; aratec fror rero Ly 3 gap

£: 2600 2EK) =2 = hue

(ee)

Here again we get tle same bardeen's resiits, &s in
previous works (1, 2). a8 Ne ca. see, the pr:, L sl ation Le t hod
appears to be quite descriptive and it coes perwit the
establishment of coruectior with tue iceas preseLted in the
work of Eardeen-Ccoper-JSchrieffer.

Nevert heless, in our opinior, the rethod o cancunic
transforwation is more flexible and jermits t. . tresin higher
apﬁroximations Juite easﬂy. Eesices 1t jera:®s various vererali-
zafions; fbr evamf le, 1n cal-~ulation of thermodynuric quantities.

In conclusion 1 would like to exjress oy gr tituge 1o
D. N. Zuocsarev, V. V. lolmachev, C. V. Tiablikov and 1. a«.

Tserkovnikov for veluable criticism G “um €3°.0LS
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